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Manuscript received December 21, 2014 and accepted January 13, 2015AbstractTo diagnose hypertension, multiple blood pressure (BP) measurements are recommended. We randomized patients into
three groups: EMR–only (patients recorded BP measurements in an electronic medical record [EMR] web portal),
EMR þ reminders (patients were sent text message reminders to record their BP measurements in the EMR), and bi–
directional text messaging (patients were sent a text message asking them to respond with their current BP). Subjects
were asked to complete 14 measurements. Automated messages were sent to each patient in the bi–directional text messaging
and EMR þ reminder groups twice daily. Among 121 patients, those in the bi–directional text messaging group reported the
full 14 measurements more often than both the EMR–only group (P < .001) and the EMR þ reminders group (P ¼ .038).
Also, the EMR þ reminders group outperformed the EMR–only group (P < .001). Bi–directional automated text messaging
is an effective way to gather patient BP data. Text–message–based reminders alone are an effective way to encourage patients
to record BP measurements. J Am Soc Hypertens 2015;9(5):375–381.  2015 The Authors. Published by Elsevier Inc. on
behalf of American Society of Hypertension. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Mobile health; telehealth; text message.Introduction can dramatically reduce the risk of cardiovascular com-pli-Hypertension is associated with the greatest attributable
risk for mortality among all modifiable risk factors for car-
diovascular disease.1 Indeed, several clinical trials have
demonstrated that antihypertensive medications reduce
cardiovascular events.2 For example, even a 5 mm Hg
difference in systolic blood pressures (BPs) over 3–5 yearsConflict of interest: none.
This work was supported in part by the University of Iowa
Health Care’s eHealth and eNovation Center.
*Corresponding author: Linnea A. Polgreen, PhD, Department
of Pharmacy Practice and Science, University of Iowa, 115 S
Grand Ave, Iowa City, IA 52242. Tel: 319-384-3024; Fax: 319-
353-5646.
E-mail: linnea-polgreen@uiowa.edu
1933-1711/ 2015 The Authors. Published by Elsevier Inc. on behalf of
under the CC BY-NC-ND license (http://creativecommons.org/licenses/
http://dx.doi.org/10.1016/j.jash.2015.01.008cations and strokes.3 Yet, approximately 20% of US adults
are unaware that they have hypertension.4 Thus, there is a
critical need to better identify and diagnose patients with
hypertension.
Hypertension is more difficult to diagnose than other
common medical illnesses. In most cases, it is an asymp-
tomatic disease, and accordingly, patients do not seek
care for hypertension as they do for other common, symp-
tomatic illnesses. Another complicating aspect related to
diagnosing hypertension is that, in the absence of end organ
damage, multiple BP measurements are needed to establish
a diagnosis. BP readings can be falsely elevated in clinics
due to the presence of an observer or the clinical surround-
ings (eg, white coat hypertension).5–7 Even if an elevated
BP reading is identified in a clinic setting, more readingsAmerican Society of Hypertension. This is an open access article
by-nc-nd/4.0/).
Figure 1. Our bi–directional texting platform. This diagram
represents our custom–built, text–messaging system called,
‘‘What’s your blood pressure? (WyBP).’’ SMS, short message
service. SQL, structured query language.
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BP measurements over time delays both diagnosis and
treatment of hypertension.
Having patients take their BP at home can facilitate a
more timely diagnosis of hypertension by reducing diag-
nostic uncertainty. In fact, home measurements are better
prognostic indicators of stroke and cardiovascular mortality
than clinic measurements,8–10 are more closely correlated
with end–organ damage from hypertension than clinic
measurements,11,12 are cost–effective and well–tolerated
by patients,13 and generate BP readings that are at least
as reproducible as clinic readings, if not more so.14
To facilitate the diagnosis of hypertension and also
to evaluate the effectiveness of treatment after diagnosis,
patients are frequently asked to record their own BP mea-
surements after clinic visits. Historically, patients used a
hand–written log, but more recently, in some settings, pa-
tients have been instructed to use an Internet–based web
portal that uploads values to the patient’s electronic medical
record (EMR). Compliance with either approach relies on
effective patient and provider follow–up: in many settings,
nurses or pharmacists will call patients to prompt them for
their BP measurements.15,16 Although these more active ap-
proaches are effective, they are often more time consuming
and costly.
The purpose of this study was to evaluate a mobile phone
health intervention to increase the ease and efficiency of
diagnosing hypertension. We used custom–built, automated
text messaging software to communicate with patients. We
hypothesize patients will be more likely to measure and re-
cord their BP using our automated text messaging software
than those who are instructed to use an EMR web portal.
Methods
This project was approved by the University of Iowa
Institutional Review Board for human subjects research.
For the purpose of this study, we developed an automated,
bi–directional text messaging software (Figure 1). The soft-
ware was implemented in Python using the Django web
framework. It includes a web–based administrative inter-
face that allows providers to log in and enroll patients (us-
ing the patient’s cellphone number) in a pre–specified text
message protocol. Simple protocols entail, for example, a
template message (eg, ‘‘What’s your BP this morning?’’)
and the times of day and number of days cellular phone
text message prompts should be sent. Text messages were
sent by our custom built software in an automated fashion
using a commercial web–to–short–messaging–service gate-
way (www.twilio.com); patient responses were routed
back to our security enabled internet server in the same
way. Responses were time–stamped upon receipt and in-
serted by our software into a password–protected database.
At no time did our database connect with the patient’s
EMR. An acknowledgement text was sent to the user toconfirm each input. Providers were able to log in anytime
to see summary information, descriptive statistics, and
trends over time for each patient’s BP readings.
This project was a prospective, randomized controlled
trial of the effect of a mobile health intervention to increase
the number of BP measurements after a routine clinic visit.
To be eligible for enrollment, patients had to have at least
one abnormal BP measurement (above 140/90 mm Hg) at
the current visit or any prior visit within 6 months. Eligible
patients were approached by a research assistant who
worked closely with the clinic physicians and pharmacists.
Patients who agreed to participate were informed that
requests for their BP and BP results may (depending on
randomization) be communicated via text messaging, and
all participants signed the consent form. Subjects were ran-
domized to three different groups: EMR–only, EMR þ
reminder, and bi–directional text messaging. Each subject
was given a home BP cuff to use during the study and
shown how to use it properly. Patients were actively
involved in the trial for up to 15 days.EMR–only GroupThe research assistant showed each subject how to use
our EMR and submit BP measurements. Each subject was
instructed to record seven morning and seven evening BP
measurements.EMR þ Reminder Group
The research assistant showed the subject how to navi-
gate our EMR and submit their BP measurements. The
research assistant, together with the subject, established
the morning and evening times for the subject to receive
Figure 2. We recruited subjects with
at least one elevated blood pressure
reading in the current or previous clinic
visit. The first five subjects were given
the incorrect information about how to
upload information to the electronic
medical record (EMR) and were
excluded from the analysis. The
smaller number of patients in the
EMR þ reminders group occurred
because we stopped the trial early due
to staffing constraints. There would
have been equal numbers of patients
in each group had we randomized 150
patients, as we initially planned.
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and record the patient’s BP in our EMR. Reminder mes-
sages were sent at the scheduled times for up to 15 days
or until seven morning and seven evening BP measure-
ments were logged in the EMR.Bi–directional Text Messaging GroupThe research assistant, together with the subject, estab-
lished the morning and evening times for the subject to
receive a text message (eg, 7, 8, or 9 am and pm) asking
the patient to check and subsequently send a text message
response with their current BP. Messages were sent at these
times for up to 15 days or until the subject returned seven
morning and seven evening BP measurements via text
messaging.
For subjects in all three groups, we recorded the
following information: age, gender, education, marital sta-
tus, insurance, body mass index, baseline BP measure-ments, Charlson comorbidity index, previous experience
with our EMR, whether or not they have high–speed
Internet access, current use of text messaging, or own a
smart phone; these data were collected to determine if
our randomization procedure was adequate. We compared
each group using an analysis of variance F test for the
continuous variables. For the categorical variables, we
used a c2 test. The only exceptions were for marital status
and education, where the assumptions for a c2 test were
violated; in these cases, we used Fisher’s exact test instead.
These tests were used to detect any significant differences
in the patient population among the three groups.
The main outcome for this study was whether the patient
recorded 14BPmeasurementswithin 15 days or not. The pro-
portion of patients that completed this assignment was calcu-
lated for each group, and pairwise comparisons were made
using Fisher’s exact test. Because there were three groups,
three pairwise comparisons were made. We used the Holm–
Bonferroni method to adjust for the multiple comparisons.
Table 1
Summary statistics for categorical variables
Variable Value EMR–only Total (%) EMR þ Total (%) Bi–directional
Texting Total (%)
P–value
Gender Female 23 (50) 13 (40.63) 15 (34.88) .3457
Male 23 (50) 19 (59.38) 28 (65.12)
Insurance Private 22 (47.83) 23 (71.88) 27 (62.79) .0894
Government 24 (52.17) 9 (28.13) 16 (37.21)
Had MyChart No 6 (13.04) 10 (31.25) 12 (27.91) .1125
Yes 40 (86.96) 22 (68.75) 31 (72.09)
MyChart login No 12 (26.09) 11 (34.38) 16 (37.21) .5091
Yes 34 (73.91) 21 (65.63) 27 (62.79)
Marriage status Single 6 (13.04) 8 (25) 10 (23.26) .3440
Married 37 (80.43) 22 (68.75) 28 (65.12)
Divorced 1 (2.17) 1 (3.125) 3 (6.98)
Widowed 2 (4.35) 0 (0) 0 (0)
Not recorded 0 (0) 1 (3.125) 2 (4.65)
Education Some high school 1 (2.17) 0 (0) 0 (0) .8212
High school diploma 7 (15.21) 2 (6.25) 6 (13.95)
Attended college 13 (28.26) 11 (34.38) 11 (25.58)
Undergraduate degree 13 (28.26) 9 (28.13) 9 (20.93)
Graduate degree 12 (26.09) 10 (31.25) 16 (37.21)
Not recorded 0 (0) 0 (0) 1 (2.33)
EMR, electronic medical record.
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examine the amount of time it took participants in each
group to complete 14 BP measurements. All censoring
was assumed to have taken place at the end of the trial.
To determine if these curves differed, we used pairwise
log rank tests. We used the Holm–Bonferroni correction
with this set of tests as well.
Finally, we examined the differences between patients
who completed their assignment and those who did not.
This analysis was conducted on the entire sample, and
t–tests were used to determine if any of the collected vari-
ables were associated with project completion. All analyses
were performed using R Version 3.1.1 (R Development
Core Team, 2014).
Results
We randomized a total of 121 patients to three groups
(EMR–only, EMR þ reminder, and bi–directional textTable 2
Summary statistics for continuous variables
Variable EMR–only, Mean
(Min, Max)
EMR
(Min
Baseline DBP 79.6 (63, 100) 80.
Baseline SBP 135.0 (110, 191) 130.
Age 62.2 (34, 88) 61.
BMI 32.3 (15.6, 54.6) 32.
Charlson comorbidity index 2.7 (0, 13) 2.
BMI, body mass index; DBP, diastolic blood pressure; EMR, electromessaging) following at least one abnormal in–clinic BP
measurement. Enrollment, allocation, follow–up, and anal-
ysis information is given in Figure 2. There were 46
patients in the EMR–only group, 32 patients in the
EMR þ reminder group, and 43 patients in the bi–direc-
tional text messaging group. Table 1 gives summary statis-
tics for the categorical variables for patients in the three
groups. P–values represent the results from the c2 tests or
the Fisher’s exact tests. Table 2 shows the mean, minimum,
and maximum values for the continuous variables. The
P–values in Table 2 represent the results of the analysis
of variance F tests. Subjects were from a wide range of
ages and body mass indices. All but one subject graduated
from high school; most were male and married. There were
no statistically significant differences among the three
groups for any of the covariates.
Figure 2 also gives the proportion of patients who suc-
cessfully recorded a total of 14 BP measurements within
15 days following their clinic visit. For the EMR–onlyþ, Mean
, Max)
Bi–directional Texting,
Mean (Min, Max)
P–value
5 (71, 97) 79.2 (44, 111) .834
0 (109, 163) 132.1 (82, 182) .450
3 (39, 80) 58.6 (28, 77) .239
3 (20.4, 60.6) 31.2 (12.3, 56.8) .784
6 (0, 9) 2.5 (0, 14) .877
nic medical record; SBP, systolic blood pressure.
Table 3
Differences between those who completed the assignment and
those who did not
Variable Completed Not
Completed
P–value
BMI 34 31 .0724
Male 46% 61% .165
Age 59 61 .259
Text regularly 64% 55% .380
Charlson comorbidity index 2.9 2.5 .385
MyChart account 82% 75% .454
Education 15.4 15.6 .645
Married 75% 71% .680
Accessed MyChart in the
last 6 months
64% 63% .936
BMI, body mass index.
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BP measurements within 15 days. For the EMR þ reminder
group, 81.2% of patients successfully recorded a total of 14
BP measurements within 15 days. For the bi–directional
text messaging group, 97.7% of patients successfully
recorded a total of 14 BP measurements within 15 days.
More subjects in the bi–directional text messaging group
completed 14 BP measurements than those in the EMR–
only group (P < .001) or the EMR þ reminders group
(P ¼ .038). In addition, more subjects completed 14 mea-
surements in the EMR þ reminders group than in the
EMR only group (P < .001).
Kaplan–Meier survival curves describing the completion
rates for the subjects in the three different groups were
calculated. Subjects fulfilled their BP assignments signifi-
cantly faster in the bi–directional text messaging group
(P < .001) and EMR þ reminders group (P ¼ .001) than
those in the EMR–only group. However, there was no sig-
nificant difference between the EMR þ reminders group
and the bi–directional text messaging group (P ¼ .307)
in terms of time to completion for this relatively brief
assignment.
Finally, results in Table 3 show that, among all the vari-
ables we collected, there were no significant differences
between those who reported 14 BP measurements and
those who did not. Subjects with more education, subjects
who had previous experience with our EMR, and even those
who had experience sending text messages were no more or
less likely to complete the assigned text message protocols.
Discussion
Our results clearly show that patients were more respon-
sive to our bi–directional text messaging approach than to
our institution’s standard of care, which involves entering
BP measurements into a web–based portal to our institu-
tion’s EMR. We also found that reminding patients via
a text message to submit their BP measurements to ourEMR was an improvement over standard practice, a solu-
tion that can be easily implemented in most healthcare set-
tings with minimal costs.
This study was not designed nor powered to investigate
differences in BPs or clinical outcomes. Nevertheless, our
results have important implications for the diagnosis and
treatment of hypertension. The lack of a specific point–
of–care diagnostic test for hypertension is an important bar-
rier to diagnosis. Indeed, a major reason for delaying the
diagnosis and the treatment of hypertension is that individ-
ual BP measurements can vary and may be unusually high
in clinical settings.17 Being able to efficiently identify pa-
tients who have hypertension not only allows for the
prompt treatment of afflicted patients, but also helps avoid
expensive, unnecessary, and potentially harmful treatment
for those who do not have hypertension.18 Self–monitoring
of BP is well–accepted across age groups. Indeed, when pa-
tients are asked, it is the preferred method of measure-
ment.19 Given that it is routine to ask patients to monitor
their own BP readings at home or in other settings after
an abnormal level is detected, it follows that we should
develop cost–effective approaches to aggregate post–visit
BP measurements effectively and efficiently.
Telemedicine and smartphone app–based approaches
have been previously used to monitor BP measure-
ments,20–22 but these require more effort from healthcare
workers and patients than our texting approach. Further-
more, most of these approaches, given the infrastructure
an investment involved, are more suited for following pa-
tients with hypertension rather than using them in patients
that may or may not have hypertension. Given the ubiquity
of text messaging, we propose our approach as a cost–
effective alternative to smartphone apps that require pa-
tients to download an app, or especially telemedicine or
phone approaches that require additional personnel. Smart-
phones are not only much more expensive but can be unin-
tuitive an overly complicated (eg, installing and updating
apps) to operate for certain segments of the population.
Texting is supported by pay–as–you–go phones costing
less than $10 and requires little network bandwidth, making
texting suitable for rural populations.
Moreover, we think our approach may be more suitable
for elderly patients. Seniors lag behind the general popula-
tion in both Internet use and cellphone adoption.23 While
cellphone adoption among seniors dominates Internet use
for the same demographic segment, smartphone adoption
is only 18%, and less than 10% among the older, lower
income, and less educated. Among seniors over 80 years
of age, 61% use cellphones, less than 40% use the Internet,
and only 5% use smartphones. Barriers to adoption include
physical challenges, skepticism about the benefits, and dif-
ficulties in learning to use new technologies. Our popula-
tion tends to be older and rural; therefore, traditional
cellphones are likely more acceptable than either direct
Internet access or use of a smartphone app. Indeed, in
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still able to successfully complete their BP assignment.
Many medical applications of texting have been pro-
posed; however, most employ one–way reminder mes-
sages.24 Another option is email. Yet, despite the relative
ease of using email, a previous study demonstrated that pa-
tients with diabetes were more likely to send blood glucose
measurements via text.25 Additional advantages to texting
include the timeliness of transmission and low cost.26 Text-
ing may be particularly attractive for patients with limited
mobility and those who live farther from clinics.24
We originally designed this system to help us speed up
the time to diagnosis for hypertension, although it can
also be used to monitor patients for short periods of time
after medication changes have been made. Indeed, after
hypertension diagnosis, new approaches are also needed
to better monitor treatment. BP goals are achieved in
only 49% of the patients who take anti–hypertensive med-
ications.4 A common reason cited for physicians’ not inten-
sifying treatment when faced with elevated clinic readings
is the belief that the observed clinic readings may be ‘‘atyp-
ical.’’27 Home BP measurements, if available, may help
physicians overcome barriers related to clinical inertia.28
Thus, our approach could also help determine the adequacy
of treatment after the diagnosis and treatment is started or
intensified.
Our study has many limitations. First, we did not design
this study to investigate clinical outcomes, thus we cannot
claim that the additional information collected made a clin-
ical difference. Second, our bi–directional texting approach
is not Health Insurance Portability and Accountability Act
(HIPAA)–compliant; however, our subjects were willing to
sign a waiver and agreed to do this as they did not consider
the transmission of individual BP readings as a privacy
threat even though text messaging is not secure. However,
we demonstrated an improvement in BP completion rate
with just text reminders—an approach that is HIPAA–
compliant, inexpensive, and extremely easy for clinics to
implement and use on a widespread basis. Third, this is a
single–center study, and our results may not be generaliz-
able to other settings. For example, our results may not
be generalizable to patient populations with highly complex
drug regimens or a greater number of comorbidities.
Finally, our bi–directional text messaging approach does
not currently upload data directly into the patient’s EMR.
However, patients and providers can view the information
via password–protected website. Alternatively, we could
send the data via fax so that these data can be included in
the patient’s EMR. In any event, this approach is much
less labor–intensive than calling patients over the phone.
Conclusions
We report that bi–directional mobile phone messaging
software is an effective way to obtain BP measurementsfrom patients. We also report that mobile phone text mes-
sage reminders are an effective way to encourage patients
to enter their BP measurements into an EMR. This software
platform could be used to record other disease states and to
send patient reminders and instructions in other clinical
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